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(57) The present Invention purposes to realize an 
electromechanical and acoustio transducer capable of 
generating both strong vtoratbn and sound. In an elec- 
tro-mechanical and acoustic transducer of the present 
IrMmtion.ma^dameci^k^ 
electro-mechanical and acoustic transducer is 
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unit 



Increased by attaching a weight (6) to a magnetic draft 
unit (9) or integrated the weight with the magnetic cfrcult 
unit, whereby large vfcraflon ts obtained from tha elec- 
tro-mechanical and acoustic transducer. 
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Description 

BACKGROUND OF THE INVENTION 

The present invantion relates to an electro- 
mechanical and acoustic transducer for a portable ter- 
minal unH Which can generate both vibration and sound 
by an alternating electrfo signal and a portable terminal 
una In which the transducer is buifc The portable termi- 
nal unit is. tor Instance, a portable telephone unit a 
pager and a computer having a transmitter and a 
receiver, and the portable terminal unit performs com- 
munication with other distant unit on being carried with 
the user or placed in the vicinity of the user. 

Conventionally, In a portable terminal unit such as a 
portable telephone unit a email-size sound generator 
for generating beP sound and a micromotor for generat- 
ing vibration to which a weight is attached tilting relative 
to axis of rotation are provided independently as means 
tor Informing the user of on incoming call. 

In order to reduce the etee end weight of the porta- 
ble terminal unit, tar the purpose of reducing the number 
of units, a prior art electro-mechanical and acoustic 
transducer of which generates both sound and vfcreUon 
In a single unit has been devised and disclosed In Japa- 
nese Laid-open Utility Model PubHcation Number H5- 
85192. 

In the prior art when an alternating electric signal « 
input to a voice ccfl of the electro-mechanical and 
acoustic transducer, a force acts between the voice coll 
and a magnetic circuit unit Since the electric signal 
which is input to the voice coil is electric signal of alter- 
nating current, the magji&ud© of the tore© varies with 
frequency of the alternating current Consequently, a 
magnet held by a suspension Is vibrated by the force 
acting cr» the magnetic circuit unit 1W* vtbra6on Is 
transmitted to a case through the euspension. Aa a 
result the case vtorates. 

The magnitude of vibration of mechanical vibration 
system Is proportional to the sum of the masses of the 
magnet and the suspension of the mechanical vibration 
system- Since the mess of the suspension is small, the 
magrtlude of vtoratton substantially depends on the 
mass of the magnet However, since the mass of the 
magnet is not sufficient the sufficient magnitude of 
vfljrafion Is not obtained from the mechanical vibration 
system even when the frequency of flie electric signal 
which is Input to the voce coil coincidee with the reso- 
nance frequency of the mechanical vibration system. 
Therefore, when the electro-mechanical and acoustic 
transducer Is provided in the portable telephone una 
witJiamass&srYruchasnSog.H 
user of the incoming call with sufficiently strong vibra- 
tion. 



small-size electro-mechanical and acoustic transducer 
which can generate both large vJbrafon force and sound 



BRIEF SUMMARY OF THE INVENTION 

An object of the present Invention Is to realize a 



lb achieve the atjove-mentloned object, an eJectro- 
e mechanical and acoustic transducer according to the 
present Invention comprise© a diaphragm, a magnetic 
circuit unit disposed so as to oppose to the dleprvagm, 
a weight Integrated with the magnetic circuit unit or 
attached to the magnetic circuit unit as a separate part 
re at least one ojspensfon for hd 

Ing the magnetic circuit unit and the weight a holding 
rrarT^forfwkflrigtte 

and a driving unit for generating a force to dnve the dla- 
phragmardthemaijju^ 
15 cuttunUirtihriesarnagn^ 

drivrtt unit Is an eloctrodynamio unit which generates a 
dnvtng force by means of a voice coil toeerted In a mag- 
neto gap of the magneft? circuit unit and fbcedto the dia- 
phragm at 9s one end. According to another aspect of 
go the present invention, the magnetic circuit unit Includes 
a magnet and a plate having a center pole, and ihecMv* 
ing unit is an electromagnetic unit which generates a 
magnetic force between an exciting co3 disposed on the 
periphery of the center poto and the diaphragm of a 
sb magnetic substance disposed with a gap with the mag- 
netic circuit unit. For example, in the case of the electro- 
dynamic unit the weight Is disposed on the periphery of 
the yoke. In the case of the electromagnetic unit the 
wet tfit is deposed on the periphery of the plate, 
so By the above-mertfloned configuration, an electro- 
mechanical and acoustic transducer which can gener- 
ate large vfomfion Is realized. In the electromechanical 
and acoustic transducer, the mechanical vfcration sys- 
tem te formed with the mcv^ 
95 and the magnitude of vtoration power of the machanfcel 
vibration system is proportional to the product of the 
mass and the acceleration of the mechanical vibration 
system, in the eiedro^tiechanicaJ and acoustic trans- 
ducer, since the weight is attached to the magnetic cfr- 
40 cuit unit integrally with or as separate part the mass of 
the mechanical vibration system Increases, Conse- 
quently, the eiectro-mechsnteal and waJUSttotranseXicer 
can generate large vjbratton. Since fro electrodynamlc 
unH and ihe electrornagnetJo unit respectively, vibrate 
4S ttie tfaphragm with vtoreling the moving unit including 
the magnetic circuit unit and the weight the electro- 
mechanical and acoustic transducer can generate 
sound. 

ft order to Increase the mass of the mechanical 
90 vibration system, ft is preferable that the weight 
attached to the magnetic circuit unit as a separate part 
made of a material having a specific gravity higher 
at least Iron. 

h order to increase the mass of the mechanical 
ss vibration system and id prevent the magnetic flux 9£ n8r " 

ated by the magnet from being magnetically saturajted. 
In the case of the electrodynamio unit U is preferable 
that the yoke imeamted wfth the weight has a magnetic 
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flux passing portion Conned so that the magnetic flux 
generated by the Is not magnetlcaUr saturated 
and tha magnetic path is substantially formed and a 
weight portion tor increasing the mass of the magnetic 
circuit unit In the coo of the eJectromagnefic unit, it is 
preferable that the plate has a magnetic flux passing 
portion formed so lhat the magnetic flux generated by 
tna magnet Is not magnetically saturated and the mag- 
netlc path is substantially termed and a weight portion 
tor Increasing the mass of the magnetic circuit unit 

The magnetic circuit unit In the case of bong 
engaged end Integrated wtth the weight ot the weight in 
tne case of being engaged and attached with the mag- 
netic circuit unit as a separate part may be rectanguiai: 
In this case, the mass of the mechanical vtorafion ays* 
tern can be increased without the dimensions of the 
electromechanical and acoustic transducer being 
increased* 

In the case of the electrodynamte unit in order to 
present the voice coll and tie magnetic circuit unit from 
coming into contact with each other hence creating me 
voice coil, it la preferable that the width of the magnetic 
gap of the magnetic circuit unit bo larger than the maxi- 
mum amplitude of the vox* coil or the moving unit 

In order that the moving unit vfcrates stably, tt is 
preferable to hott the moving unit by disposing the sus- 
pensions at two positions on the diaphragm side of the 
moving unit and on the distal side of the movtag una to 
me diaphragm. 

An dectrtHnechanlcal and acoustic transducer In 
accordance with the present invention comprises a dia- 
phragm, a magnetic circuit unit disposed so as to be 
opposed to the diaphragm and including a yoke Inte- 
grated with a weight a magnet and a plate, a first sus- 
pension having a parr of fixing portions end fixed to a 
diaphragm side of the magnetic circuit unit a second 
suspension having a pair of fixing portions and fixed to 
a tfstal side of the magnetic circuit unit to the diaphragm 
so as to be Disposed In different pOsfflons fromthefixing 
portions of thefirst suspension, a holding member con- 
nectad to the diaphragm, having two openinga and hav- 
ing four receiving portions connected to the firing 
portions of the first and second suspensions, a voice 
cdl Inserted in a magnetic gap of the magnetic circuit 
urflandffcedtomedlap^ran^ 
one of the openings of the holding member. 

By the above-rnentioned configuration, an electro- 
mechanical and aoousfio transducer which can gener- 
ate vtorafion fe realized. In the above^nenfioned elec- 
tro-mechartfcal and acoustic transducer, the magnetic 
circuit unit and the suspensions cctfstlnjtetheriiechan- 
ical vibration system, and the magnitude ot vacation 
power of the mechanical vibration system is propor- 
tional to the product of fre mass and the acceleration of 
the mechanical vibration system In the above-men- 
tioned electm-rnechaiticaJ and acoustic transducer, 
since the weight Is integrated with the magnetic circuit 
unit, the mass of the mechanical vbrelran system 



Increases. Consequently, the dectro-mecrtanical and 
acoustic transducer can generate large vibration. Since 
the voice coil is connected to the diaphragm, tt>e elec- 
tro-mechanical and acoustic transducer can generate 
c sound in order to dispose the suspension at tv/o posi- 
trons on the diaphragm side of the magnetic droit unh 
and on the distal side of the rnaQnettec^cufluntttoths 
diaphragm, the magnetic circuit unit vibrates stably. 
By constructing the suspension of an arc shape so 
to as to be situated an the periphery of the magnetic circuit 
una. the length of the suspension can be increased, and 
therefore, linearity cd o^sptecsment characteristics of the 
suspension Is ensured and the suspension la used suf- 
ficiently within the Omit of resilience. Accordingly, the 
iff durability of the electrc-n«chanical and acoustic trans- 
duwisijTpwed. 

As the suspension, that which has a thin plate 
shape with the width of the central portion being smaller 
than that of the end portions may be used. A first exam- 
£0 pie of the suspension has a trnn-plate shape in which 
the width substantially continuously decreases from the 
end portions to fce central portion- Another example ts 
that which has a thin plate shape with the width friearty 
and continuously decreasing from tha end persons to 
as the central portion. A still another example is that which 
has a uniform width in the central portion which is 
smaller than the width of the end portions. Such sus- 
pensions can enjoy dispersions of stress, which have 
been concentrated to the fWng portions at bom ends In 
so the wnventiona! suspension haying a uriform width, 
and that the linearity of displacement ctwacteristlcs is 
sufficiently ensured. 

It is preferable that the magnetic draft unit have ft 
shape substantially coinciding with the deformation by 
35 vibration of the suspension at the iraxtriurn permissible 
amplitude of the magnetic circuit unit 

By obstructing the magnetic gap of the magnetic 
circuit unit by setting the distance between the periph- 
ery of trte magnetic circutt u^ 
40 ing member so as to be smaller than the distance 
between the voice coi and the noetic cUcuit unit the 
voice con and the diaphragm are prevented from being 
broken due to coffision bebween the magnetic circuit and 
the vole© coil when the electrcwTiegriertical and acoustic 
48 transducer is accid erttaHy dropped. 

An electromechanical and acoustic transducer unit 
in acccnjeiic^wim trie present inventfenccmpiteesthe 
above-mentioned electro-mechanical and acousiic 
transducer, an electric signal generator for oulputiing to 
so ihe eiectitHnachanjcaJ and acoustic transducer at least 
too electric signal having different frequency or fre- 
quency range, and switch for switching electric signal of 
the electric signal generator. The electric signal genera- 
tor generates an elective signal for infonrtng an Inccm- 
59 Ing call by vforation and an electric signal for irtforrrtng 
an foccrning call by sound. Mernaflvely. the dactric Sfg> 
nal generator generates an electric signal for Informing 
an incoming call by vtorafion, an electric signal for 
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informing an Incoming call by sound and an electric sig- 
nal for reproducing an received voice. It is preferable 
that frequency of the electric signal fx informing an 
Incorrfng cafl by vajraiion Is substantially 130 Hz, fre- 
quency of the electric signal for tnfermtrig an Incoming 
can by sound is 1 kHz or higher, end frequency 4f the 
electric signal for reproducing an received vote© is sub- 
stantially 200 Hz or higher. 

it is preferable that frequency of electric eigne! or 
center frequency of frequency band generated by the 
electric signal generator coincide with resonance fre- 
quency erf the mechanical vibration system of the eleo 
tro-mechanieaj and acoustic transducer, it is preferable 
that frequency ct electric signal or center frequency of 
frequency band generated by the electric signal gener- 
ator coincide with resonance frequency of vibration of 
the diaphragm. 

An electro-mechanical and acoustic transducer untt 
of another aspect of the present Invention comprises 
the above-mentioned etecfro-mecnanlcal and acoustic 
Iranecfucsr, a detector for detecting a resonance fre- 
quency of the electromechanical and acoustic trans- 
ducer and an electric signal generator far outputtfng to 
the electro-mechanical and acoustic transducer an 
electric signal having the resonance frequency detected 
by tha detector. For example, the detector detects a res- 
onance frequency of the mecharilcaJvibra^avetemaf 
the electro-mechanical and acoustic transducer. 

An electro-mechanical and acoustic transducer unit 
of still other aspect of the present Invention comprises 
the above-mentioned elactn^rnechanical and acoustic 
transducer, an electric signal generator for outpuffing an 
electric signal including a resonance frequency of the 
etedro-mecterrical and acoustic transducer, a detector 
for detecting a signal at a resonance frequency of the 
electro-mechanical and acoustic transducer, and an 
amplifier for amplifying an input signal from the datectm 
and outputting amplifying signal to the electro-mechani- 
cal and acoustic transducer. 

An electro-mechanical and acoustic transducer unit 
of the stm other aspect of the present Invention com- 
prises the above-mentioned electro-mechanical and 
acoustic transducer, a detector for detecting a signal at 
a resonance frequency of the eJectro-mechanlcaJ and 
acoustic transducer, and an amplifier for arnpUfylng a 
noise and an Input signal from the detector and output- 
ting ernpfifying signal to the elBctro-mechanlcaJ and 
acoustic transducer. 

By thus constructing the electro-mechanical and 
acoustic transducer, the electro-mechanical and acous- 
tic transducer can be realized which can generate stably 
both vibration and sound even when the resonance fre- 
quency of the electro-mechanical and acoustic trans- 
ducer changes due to a change in envrroiirnenf where 
tha electro mechanical acoustic transducer fe placed. 

The portable terminal unit embodying the present 
Invention has ft* above-mentioned electro-mechanical 
end acoustic transducer unit mounted tfiereln and the 



electro-mechanical and acoustic transducer unit is 
attached to the outside case or the circuit board of the 
portable terminal unit 

Acoortfing to the present invention, by comprising 
s the only elactro-niechanical and acoustic transducer 
unit, ft portable terminal unit which can generate both 
vibration and sound (ring, voice, acoustic sound, etc) is 
realized 

10 BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF 
THE DRAWING 

FtQ. 1 ba plane view of an electro-mechanical am 
acoustic transducer according to a first emboO 
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FIG. t Is a cfoesNeecfkmal vie^ taken on the line 11- 
IP of fte el«*o-rnedianlcal and acoustic tens- 
ducerofFiai: 

FIG. 3 is a plane view of an electro-mechenk^and 
acoustic transducer ecoorcfing to a eecorid embod- 



Fia4i8acT06C4»ctfonai^ 
IV* of me electro-mechanical and acoustic trans- 
ducer of F&S; 

FtG. 5 Is a plane view of an electro-mechanical and 
acoustic transducer according to a third embooi- 
menfc 

FIG. g is a cross-sectional view taken on the line W 
vr of the eteetro-nnechanlcal and acoustic trans- 
ducer of FIG. 5 added the body of a portable termi- 
nal un&; 

FIG. 7 is a view of assistance In expmnng the 
dmensionaJ relations** between a magnet and a 
yoke: , . . 

pia 8 Is a plane view of an dectroHnecharuceJ and 
acoustic trartsducer according to a fourth embodi- 
ment; 

FIG, 9 ia a cross-sectional view taken on the one IX- 
rx of ihe electromechanical and acoustic trans- 
ducer of FKi 8; 

FIG, 10 Is an exploded perspective view of ttie atec- 
to-mechanfoal and acoustic transducer of FIG. 6; 
FIG. 11 Is aplane view of a suspension according 
to a f ffth embodiment 

FIG. 12 is a cross-secttonat view taken on the fine 
Xll-XIP of the suspension of FIG. 11: 
RGL 1 3 ia a plane view of another suspension: 
FIGL 14 le an exploded perspective view of an elec- 
tro-mechanical and acoustic transducer according 
to a Girth entwcfiment; 

FIG. 15 Is a plane view of the efecbc^schamcal 
and acoustte transducer of FIG. 14 excepting a baf- 
fle: 

FIG. 16 isacross-sec8onal view taken on the fine 
XVT-Xvr of the etectro-maittniGal and acoustic 
tansducer of FIG. 15 added the baffle; 
FIG. 17 la an exploded perspective view of a princi- 
pal portion of an electro-mechanical and acoustic 
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transducer according to a seventh embodiment; 
Fia 18 is a plane view of the etectroH7Ks*ianics! 
and acoustic transducer of RGL 18; 
RQ. 19 Is a cress-seciionaJ view tatai on the fine 
XDC-XDC of the electrtwnschanlcal and acoustic s 
transducer of FIG. 18: 

FIG. 20 is a cross-sectional view taken on She line 
XIX-XIX* of the electro-mechanical and acoustic 
transducer of Ra 18 at the time of an excessive 
input when the suspension and the magnetic circuit w 
unit come Into contact with each otter, 
FIG. 21 te a blocK diagram in which an electric sig- 
nal is Input to an erectro-mechartcai and acoustic 
transducer according to an eighth embodiment; 
FIG. as « a perspective view of a portable tele- '* 
phone apparatus In which an electromechanical 
and acoustic transducer according to a ninth 
embotfmant ra mounted; 

Fia 23 is a Mock diagram In which an electric sig- 
nal la input lo an eloctro-machanical and acouatio so 
transducer according to a tenth ernbodiment 
FIG. 24 is a view of assistance in explaining a 
detector of FIG, 23; 

FIG. 25 is a block diagram in which an electric sig- 
nal is Input to an electromechanical and acoustic se 
transducer according to an eleventh embocSmant; 
FIG. 26 is a block diagram in which an electric sig- 
nal Is input to an elec*o-m*chanteal and acoustic 
transducer acconff ng to a twelfth entrapment 
FIG. 27 is a block diagram in which an electric sig- 30 
no! Is Input to an elBCtro-mechaiucal and acoustic 
transducer according to a thirteenth embodiment 
FIG- 28 is a block diagram in which an electric sig- 
nal Is input to an electro-mechanical and acoustic 
transducer according to a fourteenth embodiment & 
and 

FIG. 29 ie a block diagram In which an electric sig- 
nal is input to an electro-mechanical and acoustto 
transducer according to a fifteenth ernbodiment 

49 

DETAILED DESCRIPTION OF THE INVENTION 

Embedments of the present irwenSon wirl hereinaf- 
ter be described with reference to the drawings. 
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( (First Embodiment) > 



An dectr>mech*nlcat and acoustic transducer 
according to a first embodiment will be dascnoed whh 
r^rancetoFlGs.1arid2.FIG.1iaaplanevlowoflhe so 
elecsro-mechanical and acoustic transducer. FIG. 2 is a 
cross-sectional view taken on the RnB IHP of the electro- 
mechanical and acoustic transducer of FIG. 1. 

The electro-mechanical and acoustic tmnsducer 'id 
constructed as follows. 55 

A cpaphragm 1 is fixed to a ring-shaped holding 
member 2 made of a plastic material on the periphery 
thereat The diaphragm 1 1s a thin film made of titanium 



or prjtycarbonHte and having a thickness of approxi- 
mately 10 pro to 50 um. it is preferable to use a gtesa- 
reinforced plastic material having an excellent shock- 
resistance property as the holding member 2. 

A yoke 3 is made of a ferromagnetic material cuch 
as soft Ion and hasa short (^tiridricaJ peroral portion 
and a bottom portion. A mao/iet 4 Is madeof aperrrta- 
nent magnet such as of tenrKe or of neodymfurn and has 
a disk shape and Is rood to the bottom portion of the 
yokB 8 with adhesive, A plate 5 Is made of a fetromag- 
netic materia! and has a disk shape and toed to the 
faco of the diaphragm 1 ikle of the magn&t 4. The yoira 
3, the magnet 4 and the plate 5 constitute a magnetic 
circuit unit 9. A weight 6 is f bced so as to surround the 
bottom surface and the penpneral eurtacB of the yote 3. 
The weight 8 and the magnetic circuit unh 9 constitute a 
moving unit 10 which vibrates relatively to the hokflng 
member 2. The inner surface of the yote 3 and the 
peripheral surface of the plate 5 form a rnagnetic gap 
11. A cylindrical voice coll a b inserted in the magneto 
gap 1 1 and has ite one end food to the diaphragm 1- 

A suspension 7 has time arc shaped arms 7c, 7d 
and 7ebefrg formed in arc shapes with common center 
of circles of curvatures to the outer drcumterence of the 
holding member 2. An end 7a of the suspension 7 is 
fixed to the weight 6 and the other end 7b thereof is 
fixed to the holding member 2. The suspension 7 and 
the rwwing unit 1 0 constitute mechanical vibration sys- 
tem. The number of arms of the suspenston ? may be 
two or more. However, in order to prevent the moving 
unft 10 from tPting, it Is preferable that the number of 
arms of me suspension 7 Is three or more as the arms 
7a, 7b and 70 shown In the figure. 

With respect to the eleriro-mechanical and acous- 
tic transducer thus constructed, an operaeonihereof wOI 
be described. 

An electric signal, tor instance, an afterrtating cur- 
rent Is input to the volceGOII 8. By the alternating current 
flowing to the voice coil 8, a driving force Is generated 
between the voice coil 8 and the magnetic circuit unit 9. 
The itiagrttude of the force generated between the 
voice coil 8 and the magnetic circuit unit 9 varies 
responding to the alternating current Consequently, the 
feme varying in magnitude responding to the alternating 
current acts on the moving unh 10 Including the mag- 
netic dicuft unit 9 held by the suspension 7, so that the 
moving unit 10 vtorates. The vtoraflon of the moving unit 
1 0 Is trarternrtted to the holding member 2 through the 
suspension 7, so that the holding member 2 vforatee. 
Thus, the electro-meohanical and acoustic transducer 
Generates vibration. 

A force varying in magnitude according to the after- 
noting current acts on the voice ooi 8. By the torce, the 
diaphragm 1 is vibrated to which the voice coil 8 is fixed. 
The diaphragm 1 generates sound when being violated 
by a signal of the audfcte frequency range. Tftus, the 
etectro-mecteroeal and acoustic transducer generates 
sound. 



PAGE 11/106* RCVD AT 9/1312005 5:08:43 PM (Eastern Daylight Time)' SVfcUSPTO-EFXRFW DNS:2738300* CSID:+1 212 319 5101 ' DURATION (mm-ss):23-12 



SEP. 13. 2005 5:14PM +1-212-319-5101 customer 01933 



NO. 0633 P. 12 



EPO845920A2 



10 



When the frequency of the electric signal which Is 
input to the voice oafl 8 coincides with the resonance 
frequency of the mechanical vibration system formed by 
the moving unit 10 and the suspension 7 of the electro- 
mechanical and acoustic transducer, the mechanical 
vibration system vibrates the most largely, the vfljratton 
from the eteotro-mechanJca! and acoustic transducer 
becomes largest The above-mentioned resonance fre- 
quency is set at 200 Hz or lower. 

The magnfiude of vibration of the mechanical vibra- 
tion system of the electro-mechanical and acoustic 
transducer is proportional to the product of the mass 
and the acceleration of the moving unit 10 of the 
mechanical vibration system. In the electro-mechanical 
and acoustic transducer according to the first embed- 
ment, the moving unit 10 is formed by attaching the 
weight $ to the magnetic circuit uni 9. Therefore, the 
mass of the mechanical vibration system is targe, so 
that this electro-mechanical end acoustic transducer 
generates larger vibration than the conventional electro- 
mechanical and acoustjo transducers of the same size. 

When a materia; for Instance, copper, tantalum or 
tutgsten having a specific gravity higher than iron is 
used as material of the weight 6. the mass of the 
mechanical vibration system can be further Increased 
without increase of the dimensions of the electro- 
mechanical and acoustic transducer. Consequently, the 
electro-mechanical and the conventional acoueHo trans- 
ducer generates still larger vfcration than the conven- 
tional eJedro-mecharrical and acoustic transducers of 
the same ska. 

Whan the frequency of tire currant which Is input to 
the voice coil 8 includes a frequency of 200 Hz or 
higher, the moving unit 10 does not substantially vibrate 
because ihe frequency range is out of resonance fre- 
quency of the mechanical vibration system farmed by 
ma moving unit 10 and the suspension 7. and the dia- 
phragm 1 .vibrates at an audible frequency in response 
thereto, so that the eJectro-mechanicai and acoustic 
transducer generates sound. 

Thus, an electro-mechanical and acoustic trans* 
ducer which can generate both vfcratlon and sound by 
the same unit is realized. 

((Second Embodiment)) 

An electro-mechanical and acoustic transducer 
according tp a second embodiment will be described 
with reference to FIGs. 3 and 4» FIG- 3 is a plana view of 
the alecfro-mechflnical and acoustic transducer. FIG. 4 
Is a GraSMectional view taken on the line hMV of the 
elsiflroHTiecharocal and acoustic transducer of FIG. 3. 

The electro-mechanical and acoustic transducer is 
constructed as fallows. 

A diaphragm 20 is fixed to a holding member made 
of plastic on the periphery thereof. The diaphragm 20 Is 
a plate) having a thickness of approximately 0.1 mm to 
0.2 mm and made of a material having high permoabB- 



*y such as Permalloy, ft is preferable to use a glase-rein- 
forced material having an araOert ehrjcfcresl&tance 
property as the holding member 21. 

A plate 22 is made of a fefTOinagnatfc material and 
e is disposed in a position opposed to the olaphragm 3) 
and has a center pole 22* in a central portion. A magnet 
23ismadeofaperTnanef*rm 
of neodyrriurn and has a ring shape and is fixed to the 
plate 22. An exciting coil 24 la inserted between the 
to center pde 22* of the piate 22 and tin magnet 23 and 
arched to the center pofa 22* ot the plate 22. The ptete 
22, the magnet 28 and the exciting coil 24 constitute a 
magnetic circuit unit 27. A weight 18 Is fixed onto tte 
peripheral surfaces of the plate 22 and the magnet 23. 
is The weight 16 has an air vent 1 a In the axtel direction. 
Trie weight 18 and the magnetic circuit un& 27 consfi- 
tute a moving unit 28 which relatively vibrates to the 
holding member 21 . Suspensions 25 and 26 have three 
arc shaped anna being formed in arc shapes with corn- 
so mon center of circles of curvatures to the outer circum- 
ference of the hotting member 21 . The suspension 28 
has fts one end feted to *e distal side (upper side) of the 
wftrght 18 to the tfsphmgm 20 and has ha other end 
fa^tothehdc&ig mernrw21. The suspense 25 has 
as its one end fixed to the diaphragm 20 eWe of fte weight 
1 6 and has fts other end fixed to Ihe holding mernbar2i 
so that tfie direction of 2s arms is opposite to that of the 
arms of the suspension 28 in the plane view a). 
Tr«6usr^&lons25arid26r^»iem 
so sfflute a mechanical vibration system. The counter Una 
of the suspension 25 exists Immediately under the con- 
tour line of the suspension 26, and both Ones overlap 
when illustrated on a plane view. Rom this feet, these 
lines are slightly deviated from each other for inustralicn 
35 pixposa* 

With respect to the electro-mechanical and acous- 
tic transducer thus constructed, en operation thereof will 
bo described. 

An electric signal such as an alternating current is 
40 ir^totheexatmgcoil 24. Since the OJirem whicn is 
Input to the exciting con 24 Is an aJtemating current, the 
magnitude of the attraction force generated by an elec- 
tromagnetic farce between the diaphragm 20 and the 
magnetic circuit unit 27 varies responding to ihe alter- 
4s rating current SJmie the attraction force varying in mag- 
rituda responding to the alternating current acts on the 
movng unit 28 Including the magnetic tirttfi una 27 
held by the suspensions 25 and £8» the moving unit 28 
vibrates. The vbretion of the moving unit 28 b transmit* 
so tad to the holding member 21 through the suspensions 
25 and 26. co that the holding member 21 vfcfldee. 
Thus, the electro-mechanical and acoustic transducer 
generates vibration. 

A attraction farce varying in magnitude responding 
55 to the alternating current aj^ on the diaphragm 20 as a 
reactive force of the above-mentioned attraction force. 
By the attraction farce, the diaphragm 20 is vibrated. 
The diarjhragm 20 generates sound when being 
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vibrated at an audfcle frequency. Thus, the electro- 
mechanical and acoustic transducer generates sound. 

When the frequency of the electric signal which is 
input to the exciting coil 24 coincides with the resonance 
frequency of the mechanical vibration system formed by s 
the moving unit 28 and the suspensions 25 and 26 of 
the electromechanical and acoustio transducer, the 
mechanical vibration system vibrates most so that the 
vtoration from the electromechanical and acoustic 
transducer becomes targes! The above-menfoned res- to 
onance frequency Is set at 200 Hz or lower. 

The magnitude c* vibration of the mechanical vibra- 
tion system of the eiectro-mechanlcaJ and acoustio 
transducer Is proportional to the product of the mass 
and the acceleration of the moving unit 28 of the is 
mechanical vtoraiion system, fci the etectrc-mechartcal 
end acoustic transducer according to the second 
embodiment, the moving unit 28 Is formed by attaching: 
the weight 18 to the magnetic circuit unit 27. Therefore, 
the mass of the mechanical vibration system Is large, so £0 
that tWs electro-mechanic and acoustic transducer gen- 
erates larger vibration than the conventional electro- 
mechanical and acoustic transducers of the same size. 

When a material, for instance, copper, tantalum or 
tungsten having a specific gravity higher than Iron is ss 
used as materia! of the weight 18, the mass of the 
mechanical vibration system can be further Increased 
without increase of the dimension© of the electro- 
mechanical and acoustic transducer. Consequently, the 
electromechanical and acoustic transducer generates so 
stiB larger vibration than the conventional electro- 
mechanical and acoustic transducers of the same size. 

When the frequency of the current which is input to 
the exciting coU 24 is a frequency of 200 Hz or higher, 
the moving urtt 28 does not substantially vibrate w 
because the frequency range is out of the resonance 
frequency of the mechanical vibration system formed by 
the moving unit 28 and the suspensions 25 and 26, and 
the diaphragm 20 vibrates el an audible frequency in 
response tfiereto. so that the eteoiitHnechanical and «> 
acoustic transducer generates sound. 

Thus, an etectro-mechanlcal and acoustic trans- 
ducer which can generate both vtoraUon and sound by 
the same unit Is realized. 

In the electromechanical and acoustic transducer 40 
according to the second embodiment, the moving unft 
28 is held by the suspensions 25 and 26. Since holding 
points ot the respective suspensions 25 and 28 are 
detached from each other relative to the ejection of the 
vibration, the moving unit 28 Is prevented from siting so 
due to generation of directional variation In the vfor&fjon 
of the moving un& 28. 

Since the weight 18 has the air vent 19, the pres- 
sure in vacant spaoe between the tfaphragm 20 and the 
moving unit 28 Is prevented from increasing due to the 65 
vibration of the moving unit 28 or the diaphragm 20. 
Consequently, the vibration of the moving una 28 or the 
diaphragm 20 Is prevented from being curbed by the 



increase ht pressure in the vacant 6pac& 

In the second embodiment, suspensions 25 and 26 
tor holding the moving unit are disposed at two post* 
tions. When this Is applied to fra electrr>rriechanica) 
and acoustic transducer of the first errbcrfment the 
moving unit is prevented from tilting due to generation of 
drecfjonal variation in the vibration of the moving unit 

In the second embedment, tfie wdght has the air 
vent When Oils is applied to the eiectro-machanJcal and 
acoustic transducer of the first embodiment the vibra- 
tion ot the moving unit or the olaphragm is prevented 
from being curbed by the increase to pressure in vacant 
space. 

((Third Enbodiment)) 

An dectro-rnechanlcal and acoustic transducer 
according to a third embodiment will be described with 
reference to FlQs. 5. 6 and 7. FKl 8 Is a plane view of 
the electromechanical and acoustic transducer. TO. 6 
is a cross^octfonal view taken on the One VI-VT of the 
electro-mBchanical and acoustic transducer of FK3. 5 
added a body of a portable terrrfnaJ unit. FIG. 7 is a 
view far captaining the cemanskmal relationship 
between the yoke and iha magnet. 

With respect to a configuration of the electro- 
mechanical and acoustio transducer, only the differ*** 
from the etectrr>^ecrianteaJ and e^ 
the first embodiment will be described. Corresponding 
elements and portions with those of the first embodi- 
ment are denoted by the same reference numerals and 
no overlapping description will be cjven because the 
description of the first embodiment may be appfied. 

in the first embotfrrwt the dectrr>mechanfcaf and 
acoustic transducer to formed with the yoke 3 and the 
weight 6 aa separate parts. On the contrary, in the third 
errtxximerrt a yoke portion 81a substantial/ forming 
the magnetic path of the magnetic circuit unit and a 
weight portion 31b substantially not forming the mag- 
netic path of the magnetic circuit unit are integrated to 
form a yoka 81. A drtvtog circuit iou Is for supplying an 
electric signal to the voice coil 8. 

The dimensional refatlonshb between the yoke 31 
and the magnet 4 wilt be described with reference to 
FIG. 7. In FIG. 7, In order to dearly show the structure 
of boft a bottom surface and a upper surface of the 
yoke 31, the yoke 31 is shown In both a perspective bot- 
tom view and a perspective upper view. 

Let us provide that area of a circular face of the 
magnet 4 te Si, ftial area of a cyltooiical face of a virtual 
cylinder standing up from a portion where the bottom 
surface of the yoke 31 Is in contact wRh the upper sur- 
face of the magnet to the upper surface of the yoke 31 
is S2 and that area of a ptmar cross section of the cylin- 
drical portion forming an outer pole of the yote 81 
downwardly extending to surround the vote CoB 8 is S3. 
In order that the magnetic flux generated In the magnet 
4 does not magnetfcaDy saturated, the yoke 31 has to 
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satisfy the fallowing dimensional relationship, ft Is nec- 
essary to set S2 no less than S1 and to set 83 no Jesi 
than SZ in the conventional electro-mechanical and 
acoustic transducer, 32 and 83 substantially coincide 
with each other* However, In the third crnbodlrnent in 
order to form the weight portion 31b, S3 Is set to he eo 
as to largely exceed 32- Consequently, the portion out- 
side a virtual cylindrical -dace 3 10 (of radius nj provktag 
S3 which la equal to 82 is outside an area necessary for 
the magneto saturation of the magnetic flux which Is 
generated by the magnet 4. The portion outside the vir- 
tual cylindrical face 310 of radius fb has been designed 
as a wei ght which is not provided yoke of the conven- 
tional electro-mechanical end acoustic transducer and 
has been mads integral with the magnetic flux passing 
portion inside the radius r^ 

Description in detail on operation of the electro- 
mechanical and acoustic transducer thus constructed 
wiB be omitted because it is substantially the earns as 
that of flie electromechanical and acoustic transducer 
of the ftret enxxxJEment 

Like In the first embodiment, the electro-mechanical 
and acoustic transducer of the third wnbodimsnt can 
generate both vibration and sound by the same unit 

When the frequency of the electric signal which is 
input to the voice coO 8 coincides with the resonance 
frequency of the mechanical vibration system of the 
electro-mectiantaaf and acoustic transducer, the 
mechanical vibration system vtorates the most largely, 
so that the vfcratton from the etectro-mecrtankal and 
acoustic transducer becomes largest 

The magnitude of vibration of the mechanical vibra- 
tion system of the electro-mechanical and acoustic 
transducer is proportional to the product of the mass 
and the acceleration of the moving unit Of the mechani- 
cal vixation system. In the conventional electro- 
mechanical and acoustic transducers, since the yoke of 
the moving unH Is limited to the portion substantially 
forming the magnetic path of the magnetic circuit unit 
On the contrary, fn the electro-mechanical and acoustic 
transducer of the third embodiment, the yoke 81 
includes the ycka portion 31a substantially forming the 
magnetic path of the magnetic circuit unit and the 
weight portion 31b not forming the magnetic path. 
Therefore, the mass of the moving ur* of the electro- 
mechanical and acoustic transducer Is larger than that 
of the conventional electro-mechanical and acoustic 
transducers. Consequently, thB electro-mechanical and 
acoustic transducer can generate larger vibration than 
the conventional electro-mechanical and acoustic trans- 
ducers of the same sura 

When the eleclrCHnechanical and acoustic trans- 
ducer is fixed in a body 32 of a portable terminal unit as 
shown In FIG. 6, the portable terminal unit which has 
both function of Informing the user of an incoming call 
by vibration and function of generating sound (ring, 
votes, acoustic sound, etc.) is realized. 



< {Fourth Embodiment 

An electro-mechanical and acoustic transducer 
according to a fourth embodiment will be described with 

s reference to FISs. 8. Oand 10. BQ. e is a plane view of 
the electrcrmechanfoaJ and acoustic transducer, na 9 
is a cross-sectional view taken on the line IX-DCof the 
electromechanical and acoustic transducer of FJG. 8. 
FIG. 1 0 is an exploded perspective view of components 

10 ot the electro-mechanical and acoustic transolucer of 
FK3.& 

Wah respect to a configuration of the electro- 
mechanical and acoustic transducer, only (he difference 
from the electro -mechanical and acoustic transducers 

15 d tiie first and third ernbodments will be desc/bed. 
Corresponding elements and portions with those of the 
first and third embedments are denoted by the same 
reference numerals and no overtopping description wll 
be given because the description of the fust and third 

so embodiments may bo applied. 

Uka In the third embedment a yoke 42 Is formed 
by Integrating a yoke portion substantially forming the 
magnetic path of the magnetic drcuft unH and a weight 
portion substantially not forming the magnetic path of 

PB the magnetic circuit unit and has a circular hole In Bs 
bottom surface. The yoke 42 and ins magnet 4 are man- 
ufactured so as to satisfy the cTrnensional relationship 
described In the third embedment 

A holding member 41 is made of a glass-reinforced 

so materia] having an excellent ehock-resistajice properly 
and has a rectangle peripheral portion and is provided 
with a cylindrical cavity In the center. The holding mem- 
ber 41 has receiving portions 41a, 41b, 41c and 41d 
connected to fixing portions of subseo^erifly-deacrlbed 

ss suspensions. A connection housing, which has an input 
terminal 45 to which leed wires of the boih ends of the 
voice cod 8 are connected, is attached to a part of the 
peripheral portion of the holding member 41 . 

A suspension 43 Is m&da of a resilient matter such 
as stainless steel or a copper alloy and Is a spirally slot- 
tod thin plate. The suspension 43 has a frame-shaped 
hoWTng portion 43a fixed tothedstst side of the yoke 42 
to the diaphragm 1, two archg arm portions 43b and 
two substantially square fixing portions 43c fixed to tfie 

45 receiving portions 41a and 41c of the holding member 
41 and being symmetrical with respect to the center of 
the suspension 43. A suspension 44 Is made of a ream 
lent mafior euch as stainless eteei or a copper alloy and 
has the same shape as the suspension 4& The suspen- 
se son 44 has a frame-shaped holding portion fixed to the 
diaphragm side of the yoke 42, two arctngj arm portions 
44b and two substantially square fixing portions 44c 
fixed to the receiving portions 41b and 41 d of the hold- 
ing member 41 and being symmetrical with respect to 

ss the center of the suspension 44. The suspension 44 is 
fixed to the holding member 41 In a direction rotated by 
90 degrees with respect to the suspension 43. The sus- 
pensions 48 and 44 are disposed so as to be fitted on 
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thepfane of the moving tuft. In order to prevent the yoKe 

42 from coming into contact wQh the suspensions 43 
and 44 at vibration, the portions of the yoke 42 which 
ere opposite to the arm portions 43b of the suspension 

43 and tho arm portions 44b of the suspension 44 are 
trunmed. 

De6cnpfion In detail on operation of the electro- 
mechanical and acoustic transducer thus constructed 
will be omitted because ft rs substantially the same as 
that of the e!eotn>meohanical and acoustic transducer 
of the first embodiment 

Uke rn (ho first embodiment, the etectro-mechartc&t 
and acoustic transducer of the fourth embodiment can 
generate both vforation and sound with the seme unit 

like in the thud embodiment, Che yoke 43 of the 
moving unit includes the yoke portion substantially 
fuming the magnetic path of the malefic circuit unit 
and the weight portion not forming the magnetic pass. 
Therefore, the mesa of the moving unit is larger than 
that of the conventional eJeCfro-mecharocal and acous- 
tic transducers, so that this electro-mechanical and 
acoustic transducer can generate larger vibration than 
the conventional electromechanical and acoustic trans- 
ducers of the same size. 

The suspensions 43 and 44 have arm portions of 
an arcing shape in line w&h the external shape of the 
moving unit Therefore, the length of the arm portions of 
the suspensions 43 and 44 may be increased under a 
COrvJtion that the arm portions feO on the plane of the 
moving unit Consequently, the linearity of displacement 
characteristics of trre suspensions is ensured, sndthfe 
efecbo-methanlcaJ and acoustic transducer generates 
larger vfr&fton man the conventional electro-mechani- 
cal and acoustic transducers of the same size. Since 
the arm portions of the suspensions 48 and 44 are long, 
the dsptacement at both end portions of the arms por- 
tion becomes small! so that the suspensions 'is pre- 
vented from being broken due to material fafigue. rn 
addition, since the arm portions of the suspensions 48 
and 44 are disposed to be orthogonal to each other, tilts 
of vibrations caused when the moving unit vibrates are 
suppressed* 

( (Fifth Embodiment > > 

A suspension accarcfing to a frith embodiment wQI 
be described with reference to FK3&. 11. is and 13. 
FiG.11 Is a piano vtew of the suspension. FIG. istea 
cross-eectional view taken on the line XI l-Xir of the sus- 
pension of FIG. 11. FIG. 18 Is a plane view of another 
suspension. 

A suspension 51 is a plate spring made of a stain- 
less steel plate wnh a thickness of. for example, approx- 
imately 12$ pm- The suspension 51 has a form such 
that the width finearty and continuously decreases from 
flie end portions to the central portion. As an example, 
when the width of end portions of the suspension 51 Is 
XI, the width of a central portion is X2 end the total 



length of the suspension 51 isX3.Xl te1-3mm,X2is 
0.25 mm and X8 is &J5 mm. 

An end side a of the suspension 51 is fixed and a 
force F is vertically applied to another end side a T aa 
shown in FIG. 12. The suspension 51 Is bent in the 
direction of the force as the force F increases. The 
stress distribution on the plate surface under a condition 
where the suspension 61 is bent win be described by 
comparing the suspension 51. with a suspension having 
the same total length as that of the suspension 61 and 
having a uniform width which is the same as thai of the 
width of the end portions of the suspension 51. In the 
case of the suspension having a uniform width, stress b 
concentrated on the end portions. On the contrary, in 
Ihe suspension 51 ♦since the widft of tfiecejitral portion 
is smaller than that of the end portions, the portion in 
the vtefnHy of the narrow center portion than the wide 
end portions deforms eaofty, so that the stress gener- 
ated in the suspensions! is dispersed mftedfrcotf on of 
the central portion. Therefore, the stress locally gener- 
ated at the end portions Of the Suspension 51 is reduced 
compared with the suspension having a uniform wiofth. 
In addition, cmce a suspension bent easfly as width of 
the eusponefon decreases, the Ghearity characteristics 
for the force P vs. displacement Improves compared 
with the Suspension having a uniform width. 

Thus, the suspension having a shape such that the 
width linearly and continuously decreases from the end 
portions to the centra) portion may eirnuhaneousfy 
achieve both Improvement of the Bnearity charactens- 
tics for the farce applied to the suspension vs. displace- 
ment as weO as dissolution of the problem of freaky 
of the suspension due to material fafigue caused by flie 
locally concentrated stress, and they were regarded as 
being contradictory to each other in the suspension hav- 
ing a uniform width. 

A suspension SV shown in FIG. 18 is made of stain- 
less steel with a thidmese of. tor example, 122 umThe 
suspension 5V has a shape such that a urtfbrrn-width 
portion Is provided in the central portion and the width 
DneanV and continuously decreases from the end por- 
tions to tts centra! portion. As an exampte. lei us provide 
that the width of the end portions of the suspension 51 1 
Is X4, the width of the central portion Is X5, 9te length of 
flie iiftifornwwfcth portion is XB and the total length is 
X7.X4ls1.3mm,X5is 0.5 mm, X6 Is 2.7 mm and X7 Is 
8.5 mm. 

When the value of XB is below 2J5 mm, the stress 
tends to concentrate on the end portions of the suspen- 
sion. When the value of X6 exceeds 2.9 mm, the stress 
tends to concentrate on the central portion. For this rea- 
son, 2.5 mm to 2.9 mm are suitable for the value of X6 
and the optimum value !s 2.7 mm. 

The suspension 51' has sfmlar effects to the sus- 
pension 51 of Fia 11. 

Thus, the suspension having a shape such that the 
width decreases from the end portions to the central 
portion can simultaneously achieve both improvement 



10 



13 



so 



26 



3d 



SS 



40 



43 



GO 



9 



PAGE 1W106 * RCVD AT 9/13/2005 5:08:43 PM [Eastern Daylight Time] * SVR:USPT0-EFXRF-6/36 * DN1S:2738300 * CSID:+1 212 319 5101 * DURATION (mm-ss):23-12 



SEP. 1 3. 2005 5:16PM +1-212-319-5101 customer 01933 



NO. 0633 P. 16 



17 



EP0B45 920A2 



18 



of tha linearity of defacement characteristics tor the 
feme applied to the suspension and dissolution or ine 
problem of breakage of the suspension cue to maiensi 
fatigue caused by the locally concentrated street* 

((Sixth EmbodmenM 

An etecVO-meehanlcal and acoustic W^oar 
eecodngtoa eixft embodmientwiil be described wan 
reterenoe to FIG& 14. 15 and 16. FIG. 14 Is an 
exploded perspective view of the electro-meeharical 
and acoustic transducer. PO. 15 la a plane view of the 
eiednvmechanlcal and aoousuo transducer cl FK5. 14 
excepting a baffle. FK3- IB Is a coss^eChonal view 
taken on the lineXVt-XYr of the electrc-mecherucaland 
acoustic transducer of FIG. 1 5 added the battle. 

With respect to the configuration of the electro- 
machanical and BCOUsBctrensduoer of the sixth embod- 
iment only the difference from the eleotro^necrwcei 
and acoustic transducers of the first and third embodi- 
ments will be described. Corresponding elemen ts and 
portaia wHh those of the Hret and third errtowlmenta 
we denoted by the same ^noe^^and w* 
iwbedesc^edbecflwealhedesertpaontfthefiretaria 

third embodiments may be applied. 

A holding member 61 la made of plastic and ihaaa 
rectangular periphery and is provided with a cyBndnga 
cavity intte center. The holding member Mhaer*?^ 
Ing portions 61a, 61b. 61c and 8id connected to fixing 
portions of siteequentl^escrlbed «*«f*lj* 
a«j 64. To a part of the periphery of the ^3"™* 
bar 61. a connection housing having an i^^"* 
65 la attached. To the Input terminal 65 the ends of the 
lead wire of the voice coa Bare cwnerted^barfle66 
haaeframe shape and la attached tome hc«ing mem- 

^ A yoke 62 b made of a feiromagnetio material such 
as soft iron and nas a cynical ^P^Z^Z^Z 
vided with a bottom. una in the wd a 0 ***"®**" 
yoke 62 «s formed by integrating a yoke P^J^f"" 
my forming the magnetic path cfthe ^^,^1 
unh and a weight portion subste^ally «* fcrnnjig J» 
magnetic path of the magnetic cuewft imltWIke in the 
third end fourth embotfmenis, the yoke 66 Is provried 

of FIG. 16 in order to prevent the yoke 68 from earring 
Into contact with the voice coil 8. The £ endttw 
magnet 4 are manufactured so as to s^J™^, 
SonTrelatiortshto described in me third embodiment 

W *-rtTS^ion 63 b made of a resent metter 
^aer^esesteelveooppera^a^alhm^ 
plate Shape having em, pert ens 63c ^^^^ 
Si» arm pcrtone 63c and 63d h^^*«f 
the width corrtinoouely decreases J™ 
olhecerrtrslportic*^ 

Ud m the central ponton as deeoribed brthefVfm 
entoodtment The suspension 68 has a frame^hapeo 



hoWro portion 63b lixod to the distal side of a ^0"**; 

circuit unit 67 to Bie diaphragm 1 . wherein *at»fflfl n ^ 

droit unft 67 includes me yoke 68. the rn^rtet a and 

the plate 5. ihe to» erm portions 63o anfl leart .andtwo 

s S^squarefixingpcrto^ 

ihe receiving ponjonseic andeiaolttertoflng mat> 

bar 61 and situated symmetrical* with respect to the 

center of the euspension 63. The suspension 64 is 

made of a redDent matter such as stelnlaas steeii ora 

copperaacy and Is etWn flat plate having arm porftons 

64o end 6*1 Oka the suspenskw 166. J^J""^* 
64car^64dhas«shapr»e^th^ttrewid^ccr^ 

aaly decreases from the end pcrtone to fhe^ oenWI 
portion and auriform^pcrton ^»^ n * B 
„ eertmJ portion «e desoribed * *^ h *?**^ 
The suspension 64 has a frame-eheped holding portion 
64e ftad to the diaphragm 1 side of the magnetic era* 
urttST.me two arm portion ™**J»j£^^ 
stanCaly square fbdng portions 64a and 64b flxsdtotha 
„ receiving portions 61d and 61b of the hflWngmarrtW 
Start Staled eyrm«rtricalry with reepecttothe center 
of the suspension 64. The suspension 64 isfixed tolhe 
holding merrier 6f in a direction rotated by 90 decree 
wto respect* the suspension 63. Assh^lnftefig- 
* ure, the suspensions 63 and 64 « «*^» »!* 
bafMedonIha plana of the magnetic csciituilt 67.Tne 
portions of the yoke 68 which are |C«»stte to iheerm 
portions of the suspension* 63 and 64 ar» ^rned<n 
oner to prewnt the yoke 62 from coming Mb ocntect 
so Y^masuBpenslcn8 63and64atvi3rfttloa 

Description In detail on operation of »ne electro- 
mechanlcal and acoustic ^^f^^^Z 
will not be omitted because ft Is substantially^ same 
as that of the electrc^echanlcal and acoustic trans- 
35 ducer of the Hist embodiment 

Ute^thetlrsternrxdimerrt. ^^f^ 
art ecous* transducer of the sixth emtoodirnsnt can 
generate both vibration and SOJnd ^fj^ 1 "* 
Uke In the fluid embodiment the yoke 68 of the 
40 magnetta circuit unit 67 has tha yoke PoM***^ 
Saliytamir*lher«^ 

unit and the weight portion not tcrmtng fnerrHgneuo 
path. Therefore, the mass of the nwv^i^taw 
toan that of conventional eleclrwneehan^ end 
« acoustic tranaduc**. so that this ^^"^ 
and aeousGc transducer can generate larger vtareficn 
than the conventional ^ectro-medranlcal and acoustic 

^^-^cSr^S 64 here ^ -P£- 

m of me sSpVac deeded in the 

Tnaretore, tt>a suspension* 63 and 64 »™ 

linearity of dispbeement character late andttto eras 

locally generated on the erm portions 

result, an etectn^machanlca! and ^ C ^S 

ss which a breatage ol ^f^^™!,!!^: 
immediater/r^rr^alfatlflueendv^cengw^ 

large vibration .srealteed. toaddaion.amce*»wmpc^ 
turns of the suspsndons 63 and 64 era disposed to be 
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orthogonal to each ether, a tilt of vforation caused when 
the magnetic circuit unit 67 vibrates is curbed. 

Moreover, by setting a distance 13 between the 
peripheral surface of the yoke 62 and the holding mem- 
ber 61 bo as to be smatfer than baft a distance t1 5 
between the voice coil 8 Inserted In the magnetic gap 
and the Inner surface of the yoke 62 and a distance t2 
between the voice coil 8 and the outer surface of the 
plate 5, the voice coll 8 is prevented from coming into 
cordactwtthmeyokee2ardthep^ 10 
providing the yOKe 62 with the cut portion 62c. the voice 
coil 8 is pre/emed from coming into contact wrtti the bot- 
tom surface of the yoke 62 at vtbraiion. ConaequenHy. 
the voice con 8 and the diaphragm i are prevented from 
being broken at vibration. By setting a defence 14 1S 
between the suspension 63 and the baffle 68 so as to 
be smaller then fee limit of resilience of the arm portions 
of the suspensions, the deform of the suspensions 68 
and 64 due to accidental drop shock ra restrained within 
a permfesible range. As a result, an etectrc-machanlcal so 
end acoustic transducer which has high reliability to 
drop stock is realized. 

((Severtmeinbodlmem)) 

SB 



An electro-mechanical and acoustic transducer 
according to a seventh embodiment will be described 
with reference to FIGs. 17. 18. 19 and 20. RQ. 17 to en 
exploded perspectrve view of a principal portion of the 
electromechanical and acousticiransAjcar RG. 1 3 is a so 
plane view of the eteclrchmschanlcal and acoustic 
transducer. FIG, 19 is a aoss^ecttonal view taken on 
the line XK-XDC of the dectrr><nechariical and acoustic 
transducer of FIG, 18. FX3. 20 is a cross^ectfonal view 
taken on the line XlX-XDC of the electrcHTiechanlcal and * 
acoustic transducer of PIG. 18 at the lime of an exces- 
sive input when the suspension and the magnetic circuit 
unit come into contact with each other. 

A magneto circuit unit 71 has a rectangularpedph- 
ery and generate force by a 40 
described m the abevemerrtoned embodiments. 

A suspension 72 is made of a. resilient matter such 
as stainless steel or a copper alloy and is athin flat plate 
shape having arm porHons 72c and 72d. The arm por- 
tto ira 72oand72dhav*5hepessuch^ * 
tinuousiy decreases from the end portions to the central 
portion and a unlform-widlh portion is provided m the 
central portion as described in the fifth embodiment 
the suspension 72 has a frerne-shaped holding portion 
72e fixed to the magnetic circuit unit 71, the two arm so 
portions 72c and 72d, and two substantially square fix- 
big portions 72a and 72h fixed to receiving portions 74a 
of a subsequerjfy-descrfoed holding member 74 and 
situated synwetrfcafly with respect to the center ofthe 
suspension 72. The suspension 73 is made of a recent ss 
matter such as stainless steel or a copper eltoyandisa 
mm fiat plate shape having arm portions 73c and 73d 
Kke the suspension 72. Tne arm portions 73c and 73d 



have shapes such that the width continuously 
decreases from the end portions to the central portion 
and a umtorm^ndti) portion is provided in the central 
portion as described In the fifth ernbotfment The sus- 
pension 73 has a frame-shaped holding portion 73e 
fixed to the magnetic tfcuft unit 71. the two arm por- 
tions 730 and 73d, and two substantially square foong 
portions 73a and 73b fixed to receiving portions 74b of 
the holdng member 74 and situated symmetrically with 
respect to the canter of the suspension 73. The suspen- 
sion 73 is fixed to the holtSng member 74 In a direction 
rotated by 90 degrees with respect to the suspension 
72. The porfionB of the magnetic circuit una 71 which Is 
oppo6HetothearmpcrtJon3oftfiesuspenEkxifl72Bnd 

73 are trimmed In e-sbap* In order to prevent the mag- 
netto ciieuH unit 71 from coming into contact with Ihe 
suspensions 72 and 73 at vibration. 

The holding member 74 is made of a inaterial such 
as plastics and has square peripheral and inner sur- 
faces and has at each angle the rectangular receiving 
portions 74a and the rectangular receiving portions 74b 
lower than the receiving portions 74a. Receiving por* 
tana |n a diagonal positional relationship have the seme 
height and the difference in height between aojoinlng 
receiving portion© is sijostantianythasajrieasmetra^- 
pees of the magnetic circuit unit 71 . 

Since the magnetic circuit unit 71 has a rectangular 
shape, the mass ot the magnetic droit unit 71 Is larger 
than that of a circular magnetic circuit unit Conse- 
quently, the ctectro^echamcai and acoustic transducer 
of the seventh embodiment can generate larger vibra- 
tion than the corwentional etectro-mechanteal and 
acoustic transducers having a circular magnetic circuit 

Since the magnetic circuit unit 71. the suspensions 
72 and 79 and the holding mernber 74 are dmpte m 
construction, an elsctrcwiiecrmnkiel and acoustic trans- 
ducer which is easily assembled and has exceBem 
wortcattfty is realized. 

In the magnetic circuit unit 71. the positions which 
are opposite to the arm portions of each suspension are 
trimmed In S-shapa according to the maximum permis- 
sible amount where the suspensions can resist oW- 
mation due to vibration. Therefore, when the electric 
afcnalwhfchtaiiputtoav^ 
large, the magnetic circuit unft 71 and the **^»™ 
72 and 73 come to contact with each other, w thai the 
vibration of the magnetic circuit unit 71 is restrained. 
Consequently, durability of the electromechanical and 
acoustic transducer improves. 



((Eighth GffibooTment)) 

The above-mentioned eleetiomechantad and 
acoustic transducers generate larger vibration thantoe 
conventional electrcwn^artk^ ani acousuc transctoc- 
ers. However, a resonance frequency of a mechanical 
vibration system, wherein the condition to enable 
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obtaining of the largest vibration from the electro- 
mechanical and acwsfic transducers may vaiy by non- 
urttorrrfly among electro-mectanteal and acoustic 
transducers at trie time of manufacture and ooncHiona 
of attachment to portatte terminal units, so that there 0 
are occasions when vibration cannot be efficiently 
obtained from the etectro-rnecnanlcsl and acoustic 
transducers. 

Tne eighth embodiment relates to an electro- 
mechanical and acoustic transducer in which large to 
vibration w obtainable from the etectro-mecnanlcal and 
acoustic transducer even in such a case. The eighth 
embodiment win ba described with reference to RG. 21. 
RG. 21 te a block diagram In which an oloctrio atonal la 
input to the electra-fnecharicai and acoustic transducer, n 

The block diagram of na 21 includes an electro- 
mechanical and acousfic transducer 21 2 built in a port- 
able terminal unit, a detector E13 for detecting the reso- 
nance frequency of a mechanical vibration system of 
the etectro-rnechantcal and acoustic transducer 212. a & 
first electric signal generator 21 la tor cutputflng/ an 
electric signal of the frequency detected by the detector 
213 to the alectrc-rnechanlcal and acoustic transducer 
212. a second eleotrio signal generator 21 lb tor output- 
tins an electric signal of voice band to the electro- & 
mechanical and acoustic transducer 21Z and a switch 
SWn for selecting, any of output of the first and second 
electric signal generator 211 a and 21 1 b. 

The detector 213 detects the resonance frequency 
of the mechanical vibration system of the electro- so 
mechanical and acoustic transducer 21 2. The detector 
213 outputs the value of the detected resonance fre- 
quency to the first electric signal generator 21 1a, The 
first electric signal generator 21 1a te <^ ne **> *> ^ qK 
electro-rr^anical and acoustic transducer 212 vw the 86 
ewrlchSWI. The first elec^ 
puts to the alectro^echanksal and acoustic transducer 
212 an electric sfcnal of the frequency which te input 
from the detector 213. 

Thus, an electric signal having frequency substan- 4Q 
Baity coinciding wilh the resonance frequency of the 
elec^mechanlcal and acoustic trarrctucer 21 2 is input 
to the electromechanical and acoustic transducer 212. 



By constructing sa the eieclro-msctianjcaJ and 
acoustic transducer unit which is capaWe of indicating 
an incoming call by vibration, Inalcatinganlrwc^iTigcall 
by sound and reproducing sound and accwtcal signs), 
ts realized. 



((MnmEmtodrment)) 



Therefore, even whan the resonance frequency of the 
mechanical vibration system of the electro^c hanlcai « 
and acoustJo fransduoer 212 varies by r^nunffcnrnry 
among the electromechanical and acoustic frarraduc- 
ere at the time of manufacture and condilkmart attach- 
ment to portable terminal units, the electromechanical 
and acoustic transducer 212 can generate large vfcra- *> 

ti ° n In the case that the alectr^rriechawcal and acous- 
tic transduce 212 'rs connected td the second signal 
electric generator 21 1b by the switch SWt the electric 
signal is Input from the second electric signal generator ss 
211btothe electro-mecrranicaJ and aooustio transducer 
212, so thai the electro-mechanical and acoustic trans- 
ducer 212 eenerataasoirnd 



Toe ninth errtoflmert relates to a portable termi- 
nal unit with a buHHn electro-mechanical and acoustic 
transducer descftoed to the abcvB-rnentfened ernbocfi- 
ment and wW be descried with reference to Fta 22 
with a portable telephone unit as an example. FK3. 22 rs 
a partly broken perspective view of the portable tele- 
phone unit with buWn dectrcMTtecrorical and ecousOc 
transducer. 

The portable telephone unit wBh bulrMn electro- 
rnechanfcal and acoustic transducer Is constructed as 
follows. 

A body 221 of the portable telephone unit has an 
outsbe case 224 having a sound hole 223. The electro- 
mochsnfcaf and acoustic transducer 222 described to 
the arjovSHnerrfioned embodiment rs attached is, 0» 
outskfe case 224 by a holding member so that the> dia- 
phragm is opposed to the sound hole 22a of theouteide 
case 224, The atectro-medwuoai and acoustic trans, 
duoer may be attached to a draft boarid me portable 
terminal unit instead of the outside case 224. 

With respect to the portable telephone una thus 
constructed, te operation will be described. 

When the portable telephone unit receives a cell 
signal, an electric signal including a fr^encycwnpo- 
nent close to the resonance freauency of a roecnanwsai 
vfoTatkm system oltteel^^ 
transducer 222 is input to the electromechanical end 
acoustic transducer 222 by the etectrte signal generator 
provided to the portable telephone urtfL Since thetre- 
ckiency of me electric siflrtai Input to the electro- 
mechantoal and acoustic transttocer 222 substanpany 
coincides with the resona nee frequency of the mechan- 
ical vDration systam of the eiectrr>«iechanl^ and 
acoustio transducer 222. the electrcwnechantaa and 
acoustic tiaitsdiic^ 222 largery 
te transmuted from the elecnomechBrfcal and acousBe 
transducer 222 to the outside case 224 d the portable 
telephone unH, so that ihe outside case 224 of trm port- 
able telephone unit largely vtorates- Ccfwequently. the 
user carrying the portable telephone unit can be 
hfonnedtfanlnc^ 
side case 224 of the portable telephone uniL 

When the portable telephone unit receives a call 
signal, an electric eigne] of an audible freouency. partlc- 
ularry a frequency nighty sensitive to the human ear. te 



2^ by the electric signal generator pijvtded in fte port- 
able telephone unit The diaphragm provided In the 
eiectroTnechanical and acoustic transducer 222 
vibrates to generate sound. Therefore, the user can 
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inform dan incoming call by souid. 

When me portable telephone unit receives a voice 
signal, an electric signal of voice frequ«ncytend m 
Irout to the electro-mechanical and acoustic transducer 
222 by the electric signal generator provided .nthe port- « 
ame telephone unit The diaphragm pro/Wed m the 
elertro-mechanlcal and acousBc * a "« ,u «f ^* 
vibrate to reproduce the received voice. Therefore, the 

user can Bsten to the received voice. 

Thus, by the portable telephone unit ^bu«Mn «? 
electro-mechanical and acoustic transducer descrtoed 
In the *eve-maittoned errtoodiment a portable tele- 
phone unit, wherein a single common transducer has 
the function Of Informing the user of an Incoming can by 
vftration. tha function of informing the user of an tncom- a 
fog call by sound and the function of reproducing the 
received vatoe. Is realised. ^ . _ _,„ . ««. 

When a portable telephone unit morudes a tin* 
etecWo signal generalor for outoutting an electrle signal 
to inform the ueer of an incoming oall by vibration, a eeo- » 
ond electric signal generator for outpidting an electee 
signal to inform the user of an Incoming can byaoundor 
outoutting a voice signal, and a switching device for 
selecting anyone of the output otmeflrstelectncdBnal 
generator and the output of the second elect™ signal m 
generator, the portable telephone rt«n«J* 
among an incoming call by vibration, an Incoming can by 
sound and reproduction of the received voice. 

v»raWgive different ^«^ody^ning on 
their frequency band- A frequency of vtbratjon whrchis ot 
highly sensitive to human body is ZOO Hz or 
vibration In a frequency band In the vfoMfty of iMKste 
especially highly sensitive tor body, rt to ^redtousa 
^frequency band ae the „ 
signal for use to inform the user of an irxflmlng orJ by a 
vfomllon. Since sound of a higher frequency tend to 
highly sensitive 10 the human ear. it ie desired to use a 
Sincy band oft kHz or higher as the frequency* 
the^e^celgnalfOTusetojrilorrntheuserofanlr^ 
Scan by sound. From the viev^lrtc* foeaMon « 
of sound. It b desired that the frequency band offoo 
electric signal for use to reproduce the reserved votes 
be substantially 200 Hz or lower. 

({Tenth Embodiment)) * 

A portable terminal unit according to a tenth 
embodiment wUI be deecribed with reference to Fia 23 
vmlch is a block diagram where an 
inpottt an etectromet^iarioal and acousUc barttduc^ so 

A circuit shown In the bio* diagram of FIG. 23 
comprises an antenna 225 tor rec^ngjr^mgs^- 
rials fodudtofi a racing signal tor nrform^ an lm»m- 
inn can end a voice signal produced by the voice of ^e 
transmitting person, a receiving signal Procsss^ ss 
cult 228 for processing these ^^£l^S- 
by the antenna 225. a receiver 227 including a smaih 
*Le speaker for reproducing me received voice signal 



processed by the receiving signal processing orcult 
226. an etectrio signal generator 228 for outptrtfngan 
electric signal Including a signal component of at east 
one reeonaiion frequency of the ^^ me ^ rlc ^ t 
acoustic transducer 230. an amplifier 229 f« amplifying 
an electric signal, a switch SW2 ^^. 0N ^^ n " 
trolled by a signal from the receiving signal proceesng 
drcuit 226. an electro-mechanical and acoustfotrara- 
ducer 280 descrfoed in foe above-mentioned embodi- 
ments whereto en electric signal Is Input from the 
arofiBer 229. and a detector 281 for detecting an 
trroedance of foe etectro-meerwntesi and aoouslio 
transducer which abruptly changes at the resonance 
frequency of foe electro-mechanical end aeoustio trans- 
ducer end omputtihg a signal at the resor^ce fr^ 
quencyto theanvEfler229. Here. Ihe Signal le*el oilhe 
electric signal output from the electric atonal generator 
228 ie selected such that when the electric signal output 
is inputted to the eledre-macharfcal and acoustic trans- 
ducer 230 the vibration and foe sound are not sensed 
by the user. 

An operation of the portable terrrinal unit fous con- 
slructedwnibedescrfoed. 

The antenna 225 receives the Incoming stgnai 
transmitted from a transmitting side P^«~ 
unit end the received Incoming rfgnslla 
recefvino signal processing drcuit 224 The recewmg 
eignal processing ctrciit 226 processes ftsincomlna 
slSneL generates and sends tothes»teh a^aagna^ 
C responding to the receiving stand to inform ofan 
incoming call and outputs Ihe afojtal C to the swrtch 
SW2. By being controlled by the signal G foe swteh 
SW2 connects foe electric signal generator^ to me 
arr^imer 229. An electric signal which « <^ * ™ 
electric signal generator 228 is Input to me amplifier 
229. The arrwfiller 229 anilities me nfout eleetno flrgnai 
and outputs it to the etectrtHTWChanical and acousfic 
transaX^O. The detector « 
anoe which abruptly crrangesjrtthB 
auency of the elsctro-machanicat and acoustic 
Sansducer and outputs a signet of ^£"£2*+ 
ouency to foe arrpGTrer 229. The ^ * 
fled by the ampler 229. By r^eatir^e^efectfo- 

mechanlcal and ^« n ^ e f^* 
frequency of eiiher vibration or sound, or at frequencies 

of both vibration and sound- 

When Ihe user of foe portable terminal una notces 
a„ incoming call end operates foe U7rttotr« reo^ng 
state, the recdving signal P^^J^^^ 
to generate the signal C to accordance with the known 
control means. Then, the receiving dt^pn^ssrng 
circuit 225 processes the received vacs signal and out- 
puts, the processed signal to foe receiver 227. The 

receiver 227 reproduces foe received voice. . 

As martoned above, even when the re^r^ fre- 
quency of me dedro^Ttrxrrantol and acoisjc^ 
ducer 230 changes owing to a change in endronment 
whom the ekict/OHnechanical and eaoustlc transducer 
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230 feplaced.0iftOBdnationinthd electric signal gener- 
ator 228 are cortfrtuousry made the electric signal. 
Therefore, a resonance frequency Is detected afresh, 
so that the eiectro-mechanlca) and acoustic fransducer 
makes self -osrfllation either at a frequency of vibration 
or of sound, or at both frequencies. Canaeoyentiy. a 
portable terminal unit which can etawy generate both 
vibration and sound is realized. 

Next details of me detector 231 of FIGL 23 wfll be 
described with reference to Ffa 24 which la a Woe* dfe- 
gram for explaining the detector 231 in detaJ. 

A bridge circurt 283 comprises bridge load imped- 
ance elements Z2. 23 and Z4 and an impedance ele- 
merttZ4 equivalent* representing me Impedance of the 
voice cot) ol the eiedro^rtechariical and acoustic trans- 
duce* The impedancee of the Impedance elements Z1 , 
22, Z3andZ4 are selected so that the outputs from out- 
put terminals B1 and B2 of (he bridge circuit 233 are 
minute for en electric eigne! having a frequency compo- 
nent away from me resonance frequency of the electro- 
mechanical and acoustic transducer. The output of (he 
bridge circuit 233 Is Input to an operational amplifier 232 
end the output of the operational amplifier 232 Is input to 
a Cmiter234.7teCWlptf 

amplifier 229. . 

When en electric signal having the resonance tre* 
quenoy of the electrc-mechanlcal and acoustic trans- 
ducer is input from the ampHier 229 to the electro - 
mechanical and acoustic transducer 230. J^J^ 
ance value of the impedance element Z1 abruptly 
changes, and tr^retore, the equilibrium of the bridge cir- 
cuit 233 id broken, go that the output frtffltheopena- 
tonal amplifier 232 Increase* The output from the 
operational amplHIeT232 Is input to the Hmiter 234 and 
IB Hput from the ftnter 234 to the amplifier 229 trirough 
the switch SW2. By thue repeating the positive feed- 
back, the eieclrc-mechanlcal and acoustic trarisdvcer 
makes a eelf-oscination either at a frequency of vibra- 
te wsouivl, or at botf frequence 

By disposing the flmrter 234 on the output *We of 
the detector 231 , the output level at the cUrtectw23l is 
limited, so that excessive level input to the amplifiers 
and 10 the electroHneehanfcai and acoustic traneducer 
230 is Rmfted. 

( (Eleventh Embodiment >> 

A portable termhal unit accordmfi to an eleventh 
embodiment will be described with reference to FIG- 25 
which is a block diagram where on electric signal is 
Input to the slecfrc-rneclwrfeal and acoustic transducer. 

Whh respect to the circurt configuration of the port- 
able terminal unit only the difference from the drcuft 
configuration of the portable terminal unit d the tenth 
embctfimem^ 

and portions with those of the tenth embodiment are 
denoted by the same reference numerals and no over- 
lapping descnptton will be given because the descrlp- 



Uon of the tenth embccfiment may be applied. 

The portable tenrtnal unit of the ejeveafh embodi- 
ment has the electric signal generator 228 and esca- 
lates by use of noises such as thermal noises In me 
5 droits of the arnplffier 229 and the detector 231. 
Notees such a* thermal noises Include wideband fre- 
quency components and are generally of low level 
power compared with signal components. 
Like In the tenth OTtocdtmei* 
id from the receiving signal processing circuit 226 to the 
switch SW2. and the switch SW2 is turned on by being 
controlled by the signal C. Ncfew such as thermal 
noises are amplified by the amplifier 229 and input to 
the electro-mechanical and acousoo transducer 230- 
ts Afier the amplified noises are Input to the electro- 
mechanical and acoustic transducer 230, Ute in the 
tenth ernbedimert. me noises Input to the dectro- 
mechanteeJ and acoustic transducer are further ampli- 
fied through positive feedback, so that the olectro- 
20 mechartcal and acoustic transducer makes a seH-cecl- 
lation ettier at a frequency of vtoratfen or sound, or at 
bom frequencies. . . 

When the electro-mechanical and acoustic trans- 
ducer is constructed as shown in 25. m aottWon to 
sb the technical advantages of me tenth embc<Ement, such 
en advantage is obtained that the eteefrlc sig^ gener- 
ator iriay be omHted.Tnere^ 
portable terrninal unit Is achieved and the sUe reduction 
of me portable terminal unit is achieved, 

90 

i ITvfefflh Embodiment) ) 



A portable terminal una according to a twelfth 
embedment will be described with reference to FIG. 26 
33 which is a block ctiagram where an electric siwal * 
inputtofre eiectrwriechanical and aooustio transducer. 

With respect to the drcurt configuration of the port- 
able terminal unit, only the dfflerence from the circuit 
configurations of the portable terminal unit of the tenth 
4a and eleventh erttoctfmenta wffl be ckscrib^C^ 
spending elements and portions wtfhtriose of the tenth 
and eleventh errtwdlmente are denoted by the same 
reference numerals and no overlapping descrjpten win 
be given because the description of the tenth and dev- 
49 enthernbodimentsn^ 

h the portable tarrrfrfal unit of the twelfth tsmbodi- 
ment. etow^asefBter 23Sanda Wrjh^ass fitter^ ejre 
provided between the amplffier 226 and the detector 
231 emdaswitchSVAGICTGwitcr^ 
so tar 231 is provided. The el&ctrowTwchanlcal and acous- 
tic transducer 230 has at least two resonance 
frequencies as follows: a first resonance ^requBncy 
which is low and for generating vibration end, a second 
resonance frequency which is high and for generafing 
65 sound of an audible frequency. 

The user selects either the Incoming call by vibra- 
tion or the incoming call by sound by use of a switch 
attached to the portable terminal unft In response 
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thereto the receiving signal processing circuit 226 gen- 
erates aeignal D and outputs the signal D to the switch 
SW3, 

When the user selects the indication of an Incoming 
call by vibration, the switch 8W3 te switched to side A by 
the signal D which is Input from the receiving signal 
processing unrt 22a The output ol the dele<W 231 Is 
Input to the tov^pass filer 235. The kwsaee filer 235 
does not pass signals of the second resonance fro- 
quern* and passes only signals of the f Iret resonance 
frequency which te lower to the amplifier 229. Thus, the 
portaole terminal unit generates vibration lor Informing 
an Incoming cafl. n . ^ tfflH 

When ihe user sheets the Incurring caU by sound, 
the switch 3W2 b switched to side B by the signal O 
which & input from the receiving signal processing unit 
228. Tha output of the detector 231 is input to the rugh- 
pa*a filter 23& The tugtvpasa filter 236 does not pass 
sisnate of the first resonance frequency and passes 
only agnate of the second resonance frequency to the 
ampffier 229, Thus, the portable terrrinel unit gener- 
ates sound for informing an incoming call. 

When the user selects both of incoming call by 
vibration and sound the switch SW3 is s^ed dter- 
nafingly to side A and to side 6 in response toth* signal 
0 which Is input from the recep^slgrmlproc»ss^Cfl- 
cujt226 The output of the detector231 Is Input aHernat* 
inely to the towiwssfirter 235 and to the h]9>^Wtef 
23$ m this case, the pcrtaW* terminal unit alternating* 
generate© sound and vibration for informing an inaonv 

^ When the signs* having me first and eewHtireso- 
nance frequencies are output to^ tha 
using only one of the tow^ass War 235 «*J^*£ 
paJ filter 286. the portable terminal unit may simultane- 
ously generate sound and vibration tor informing an 

incoming caB- 

When an etectm-mechanlcal and acoustic trans- 
ducer has three or more resonance fretajencia^a 
bandiwss filter that passes two resonance frequencies 
which ere a low frequency suitable tor vrtbratton and an 
audible frequency suitable tor sound may be u«*J 
instead d the k*r^ 
236 

By lie above-mentioned configuration, salf-oscalla- 
Hon at non-target frequencies is presented. « that a 
portable tarminal unit wherewith an easy selection 
between the iricoming can by vtoration and th« incoming 
call by sound Is reafeed. 

( (Thirteen*. Ernbodment)) 

A portable terminal una In accordance with a tnir* 
teenth embodiment will be described with reference to 
TO27wWd>te abtock diagram wrierean^e^a^ 
net is input to the electromechanical and acoustic 

trar ^1reepect to the circuit configuration cl fte port- 



able terminal unit only the difference from Ihe drcurt 
configuration of the portable terminal uTtaofthe^eWt 
errixxiimentwiUbedBScnied. Ctxresponding everts 
and portions with those of the tenth, eleventh and 
g twelfth en*cdiiTi«ite ere denoted by ^^J^ 
ence numerals and no overlapping deeertp&onvrtll be 
pjven because the description of the tenth, eleventh and 
twelfth BTnbodlmenta may be applied. 

In portatf a terminal unit of the thirteenth 
10 emtsaSmertt a Pmiter 237 is disposed between^e out- 
put terminal of the detector 231 and the switch 8W3. 

By thus providing the tinker 237 at the output termi- 
nal of the detector 231 . the output lev* di the detector 
231 is limited to a predetermined level or betow. so that 
19 damage of 1ho portable terminal unit due to excessive 
Input to the amplifier 229 and to the el ectro-mechanical 
and acoustic transducer 230 is presented. 



((Fourteenth Efi^iment)> 

so 

A portable terminal unit according 10 a tourtewilh 
entoderm will be described wtth refen^ toj^ 28 
which « * blot* diagram whara an electric signal is 
inpul 10 the electro-mechanical ^3"^ c ^^ 
ar with rasped to the circuit conflouralion ci the port- 
&Ab terminal urft only the difference from *oara« 
configuration of the portttto terminal unit of the W- 

teerfh embodiment will be descr ^ -^TS^ 
elemerte and portions wtththc^^ 
90 twelfth and thirteenth errtoodirnents ^ denot ^ **** 
ome reference numerate and no «**^ 
Don win be given because the ^P^^l^; 
eleventh, twelfth and thirteenth etrtoodbnente may be 

as ^fcfthe portable tarminal unit of tha fauTtserth 
embodiment, a switch SW4 Is provided between the 
receiving signal processing dreult 226 and «he receiver 
227 

By use of a ^ich (not shown) provided in ffieport- 
« awe termral unit, the ueer selects whether the reprc- 
duca sound is output from the receiver 227 or from me 
dectro-mechanical and acoustic transducer 230. 

Whan the user selected the reproduced sound te 
output from ihe receiver 227. the SW4 te 

« switched to ewe A' In response *> a slgnalE which « 
taput from the receiving signal processing drcuft 226 to 
the switch SW4. The receiver 227 converts the voice 
signal which is hput from the receiving signal procees- 
mgcrrcutt 226 into a sound. 
go When the user selacte that the reproduced sound is 
oi^tromtheetectTCwnechanicalar^aa^^ 
due* 230. the switch SW4 la switched te ade B In 
response to the signal E which te input 
Ing signal processing circuit 228 to the ewtU^SW. The 
» airpfifiBT 229 amplifies at a predeterrrtned a*«trf 
amplification factor tha vdee signal wttfch teinputfrom 
the receWlng dgnal processing 
to the electro-mechanical and acoustic transducer 230. 
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The stectrcHTtBthanlcal and acoustic transducer 280 
converts the signal which Is input from toe angler 22B 
tola eound. 

Since the receiver reproduces sound whBe usually 
being attached to the human ear. the sound pressure 
reproduced by the receiver la low (namely sound re 
email), so that ihe user cannot listen to the r^Tocfcced 
sound when the portable terminal unit Is away from the 
human ear. By the way, since an excessively large 
sound pressure leads to damage of ear, to Increase the 
sound pressure is looted by law. 

in the portaWe terminal unft of thte en*>ooTmem, 
since the received voice may be reproduced by the 
electro-mechanical and acousto transducer, the user 
can Eaten to the reproduced sound even when the port- 
able terminal unftisput away from the ear. 

< (Fifteenth Embodiment)) 

A portable terminal unit In accordance with a«- 
tflgnth embodiment win be described with reference to 
FIG, 29 which Is a block diagram whore en electric sa- 
ne) te Input to the elortro-mechanfcal and acoustic 

transducer, . ^ 

In the portable terminal apparatus of the fifteenm 
embodiment ihe output of the switch SW4 is directly 
Input to the electro-mechardcal and acoustic transducer 
230 

The receiving signal processSnQ circuit 228 ampli- 
fies the electric signal which is otrtput to the electrc- 
rnecnarucal end acoustic transducer 230 to a sound 
pressure level at which the user can ^ ^ ^ 
duced eound even when the portaW© terminal una is put 
away from the ear. Consequently, the eiedn^echanl- 
cal and acoustic transducers unit of thefrrteenm ei^ 
Imemia unnecessary to aolustfhe amplication factor of 
Vie ampRftar 229 and teomremfrc^that of toe four- 
teenth embodiment 

Claims 

1. An electro-mechanical and acoustic transducer 
comprising; 

aclapnragm; 

a magnetio circuit unit disposed so as to be 

opposed to said diaphragm: 

a weight integrated with or attached as a eepa- 

rate^tosaidPrtar^mlcctrciJHurAasas^ 

aratepart; 

said magnetic circuit unit and said weight con- 
GtUutaxi a moving unit: 

at least one suspension for holding said mo* 
tog unit; 

a holding member for holding said diaphragm 
and said suspension: and 
a driving unit for generating a force to drive said 
diaphragm and saw magneto circuit unit 



An electn>rriechanicaJ and acoustic transducer 
accorc&ig to claim i, whereto 6ejd diving miltea 
wjice coO insBfted In an magnetic gap in said mag- 
netic circuit unit having a magnet a ptete and a 
yoke, said veto coil befng fixed to said daphragm. 

An electromechanical and acoustic transo\ic*r 
aborting to claim 1 , wherein said driving unit has 
an exciting coil which Is disposed on a periphery of 
a center pde of said magneto circuit una including 



20 & 



7. 



95 



40 



50 



ss 



a magnet at Its pet iph eral part and a magnetic sub- 
stance wrugh is dispwed ^ as to be c?p^ 
6ald magnetic circuit unft wtti a gap therebetween. 

An electrc-rriechar*ml and acoustic trareouoer 
according to claim 2. wherein said weight is dis- 
posed on a peripheral portion of said yoke. 

An electrc-mechamceJ and acoustic iransoVcer 
according to claim 3. wherein said weight ie ds- 
posed on a peripheral portion of said plate. 

An electro^nechanical and acoustic transducer 
according to claim 1, wherein said weight is made 
of a material havtng a specific gravity higher than at 
least iron. 

An etectroHiiechanicaJ and acoustic transducer 
acctfrfng to daim 2, wherein said yoke inctudesa 
magnetic flux passing portion aubstoitolly fornttg 
a magneto path of a magnefic ceo* of aald rnag- 
neflc circuit unit and a weight portion substantially 
not forming ihe magnetic path of said magnefic clr- 
cult 

An electro-rrffichanical and acoustic tranetijucer 
sccofoirtg to claim 2. wherein said magnetic ctuit 
unit has a rectangular periphery. 

9. An etectro-mechamca) and acoustic transducer 
according to claim & wherein said magnetic circuit 
unii haa a rectangtfar periphery 

1a An electro^nechanica! and acousfic transducer 
according to cbim 2, wherein said magristic gap 
has a gap length width larger than a rrowmurn 
Irregular radial moving of eeW voice coa or sad 
moving unH- 

11. An sledRwrvxrianlcal and acoustic trensciicer 
comprising: 

a diaphragm; 

a magnetic circuft unit disposed so as to oe 
opposed to said diaphraam end including* 
yoke integrated with a weight, a magnet and a 
plate; 
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a first suspension having a pair of tiring por* 
Hons and fixed to a diaphragm tide of said 
magnetic draft unit; 

a second suspension having a pair of ffemg 
portions and fixed to an opposite side to said 
diaphragm of said magnetic droit unit to said 
diaphragm so that said fixing portions are situ- 
ated In different positions of plane view from 
said fixing portions of said first suspension; 
a holding member connected to eakf dia- 
phragm, having two openings end having tour 
receiving portions for receiving tofbceaid fixing 
portions of saW first end second suspensions; 
and 

a vole* coil inserted In a magnetic gap ot saw 
magnetic circuit unit and fixed to said dia- 
phragm; and 

a baffle disposed at one of said openings of 
said holding member. 

12. An electro-mechanical and acoustic transducer 
according to claim 11. wherein said suspensions 
comprise: 

fixing portion being fixed to said hoUing mem- 
ber. 

arm portion being connected to said fixing por- 
tion, shaped for substanfialVf^ °" m 
nal shape of said magnetic circuit unit and 
having resilience; and 

holding portion being connected to sad arm 
portion and hottng said maojieticdrcuit unit 

13. An elet^-niechartcal and acoustic tmnsducer 
according to claim 1 1 . wherein said magnetic circuit 
unit had a circular periphery and saM suspensions 
have an erdng arm portion. 

14, a suspension suitable lor use In an electro- 
mechanical and acoustic Transducer has a thin 
plate shape In which a central portion te smaller In 
width than end portions to be fixed to two otter 
members. 

11 A suspension suitabte for use m an electro- 
mechanical and acoustic transducer according to 
claim 14. wherein aaJd suspension has a thin plate 
shape in which its width substantially continuously 
decreases from said end portions to said central 
portion. 

19 A suspension suitable tor use tn an electro- 
mechanical and acoustic transducer according to 
claim 15, wherein said suspension has a than plate 
Shape in Which Rs width KnearV and continuously 
decreases from said end portions to said central 
portion* 



17. A suspension suitable tor use ******* 
mechanical and acoustic transducer atxxxding to 
dalm 15, wherein said central portion hasaiuntorm 
width smaller than the width of 3ald end portions. 

lfc An dectro-mecharilcal and acoustic tmnsducer 
according to daim 1 2. wherein said magnetic drcuri 
unit has a shape substantially coinckfirtg with a 
shape when cald suspensions is at a rraxirmim per* 
mtsstole amplitude of said niagnrticcircuftunft. 

19. An etecbo-mechanical and acoustic transducer 
according to ctelm 11. wherein said holding mem- 
ber has a rectangular shape, said recelvfrifl por- 
tions in a diagonal posttional relationship are 
red&ngutar and have the eame height and said 
receiving portions in each other adjacent positional 
relationship have efferent heigrtts. 

so 20. An electromechanical and acoustic transducer 
according to daim 11, where* a cutanea between 
the periphery of said magnetic drcuit unit and said 
tame or said holding member is emaiier than a dis- 
tance between said voice coil and said magnetic 
circuit unit 



ss 
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21. Andectro-mecr^^ 
corrtrising: 

said eiedro-mechanicaJ end acoustic trans- 
ducer <rf claim 1; 

an electric signal generator for outputbng to 
said eloctro-mecharacal and acoustic trans- 
ducer at least two electric signal having differ- 
ent frequency or frequency range; and 
switch for switching output signal to said elec- 
tro-mechanteal and acotistio transducer. 

32. An electro-mecteilcal and acoustic transducer unit 
according to claim 21, wherein said electric signal 
generator generates an electric signal to produce 
vibration tor Warning an Incoming call and an elec- 
dc signal to produce sound tor irdorminganaKom- 
big call. 

23. Aneleclro-riiechar^ 

according to daim £1. wherein said electric signal 
generator generates an electric signal to 
vibration tor mforrnlng an Incomirig can, an electric 
signal to produce sound tor sTtorming an irw«ng 
call and an electric signal to produce recar/ed 



55 



24. An electro-n>&cr«nical and acoustic tranaduMiinrl 
according to dairn 22. wherein frequency of eaid 
electric signal to produce vtorafioo tor iJuniMfl en 
incoming can is substantially around 130 Hz. 
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according to daim 23, Wherein frequency of said 
electric signal to produce vferaBon for informing an 
incoming can Is substantially around 130 Hz. 

26- An electromechanical and acoustic transducer unit 
aocoirfinfl to claim 22. wherein frequency of said 
electric signal to produce sound for Informing an 
incoming mil Is 1 kHz or higher. 

37 An electro-mechanical and acoustic transducer urm 
" according to claim 23, wherein frequency of said 
electric signal to produce sound tor Informing an 
IrK^ngc^lsiWttorhifllier. 

28* An electro^ecrwtical and acoustic transducer unit 
according to claim 23. wherein frequency of said 
electric signal to produce an receded voice is eub- 
stanliaUy 200 Hz or higher. 

29l An etectro^Tiflcrianlcal and acoustto transducer unit 
according to claim 21 , wherein frequency ot electfc 
signal or center frequency of frequency band gen- 
erated by said electric signal generator Is selected 
Vi coincide with resonance frequency erf mechani- 
cal vtorafion system of sakJ dectTOHnectanfcal ard 
acoustic transducer. 

30, An eleclitMnetshariical and acoustic tmnsAjcer unit 
according todalm2l, wherein frequency of efeclrlc 
signal or center frequency of frequency band gen- 
erated by said electric signal generator is selected 
to coincide with resonance frequency of vtorafion of 
said diaphragm. 

31- An 

dectro^nechanfcal and acoustic transducer unit 



34 

frequency of said electro-mechanical and 
acoustic transducer; and 
an ampntTerfor amplifying an Input signal from 
add detector and outputting ampflled sgnal to 
said efectre-nvechanlcai and acoustic trans- 



33. An e!ec^r>mecriankal and acoustic transducer unit 
aocprdlng to claim 32, further comprising a low- 



said electro-machanicai and acoustic trans- 
ducer of claim 1; 

a detector for detecting a resonance frequency 
of saW riBCtro-mecharflcal and acoustic trans- 
ducer; and 

an electric signal generator for outputting to 
said decuo-mechanical and acoustic trans- 
ducer an electric signal having eaid resonance 
frequency detected by said detector. 

S2. Andecfro^echanlealar^ 
comprising: 



W WT^ifteT anrTpassing at least one signal having 
3aJd resonance frequency 

34. An electr^mecnaxiical and bcousCc transducer unit 
is acconfcig to claim 32, further comprising a Ngh- 
pass filter provided between said detactor and said 
amplifier and passing at toast ens signal having 
said resonance frequency. 

bo 35. Anelectro-mectianicalan^ 

according to daim 32, further comprising a band- 
pass filter provided between said detector and eaid 
ampler and passing at least one signal having 
said resonance frequency. 

* 38. An electro-mechanical and acoustic transducer unit 
according to daim 32. furflter cornprfelng a nrriler 
Disposed at output terminal of said detector and 
limiting output signal of said detector. 

37, Anefectro^et^^ 
comprising! 

said dec^ro^ectianical and acoustic trans- 
w ducar of claim 1; 

a detector for detecting a signal at a resonance 
frequency of said electro-mechanic^ and 
acoustic transducer; and 
an ampler for amplifying a noise and an input 
signal from said detector end outoutttog ampfl- 
tied signal to said elecfro<ftechanical and 
acouatto transducer. 

38l An electro-rnecharacaJ and acoustic transduce* unit 
49 according to daim 37. further comprising a tow- 
pass Alter provided between said detector and eaU 
amplifier and passing at least one signal having 
said resonance frequency 



said eleclro-mecrianfeal and acoustic trans- 
ducer of daim 1: 

an etectrio signal generator tor outputting an 
electric signal induding a resonance frequency ** 
of said electro-rnechanJcaJ and acoustic trans- 
ducer; 

a detector for detecting a signal at a resonance 



39. An electro-niechanica) and acoustic transducer unit 
according to daim 37. further comprising a high- 
pass mer provided between said detector and saW 
ampliner and passing at least one signal having 
said resonance frequency 

4a An elecirr>mechariical and acoustto transducer unjt 
according to daim 37, further comprising a band- 
pass fiter provided between said detector and sad 
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least one signal having 



41, Aneto^eohan^and _ 
according to claim 37, further comprising aHmOer 5 
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Slug output signal of said detector. 

42. An electwnectaiical and acoustic transducer unit 
comprising: 

said elecaro-mechaiica) end acoustic trans- 
ducer of claim 1; 

an antenna lor receiving incoming signals; 
a receiving signal processing unit far process- 
ing said Incoming signals and generating sig- 
nal; 

a detector for detecting a signal of a resonance 
frequency of ©aid eletfro-rnechantoal and 
acousto transducer; and 
an ampler far amplifying a noise and a signal 
inputted signal from said detector during the 
vrtule output from said receiving signal 
processing unit is given thereto and outputting 
Ha amplified signal to said slednHnechanical 
and acoustic transducer, 

43. An electro-mechanical and acoustic transduce unit 
according to claim 42, further Rising a low- 
pass filter provided between said detector and said 
ampler and passing at least one signal having 
said resorancefraquency. 

44. An elecuo^e^antaal and rustic ^sduc^u^ 
according to claim 42. njrfrier comprising aWgth 
oasafiftar provided between said detector and said 
an^KHer and passing at least one signal having 
said resonance frequency. 

45. An elertro-mechanted arid acaistic transducer wfl 
according to claim 42, further comprising a Dan* 
pass toter provided between said detector and saw 
anplifter and passing at least one signal having 
said resonance frequency. 

46. An ei«±tHiiechanloal and acoustic trar^sducer unit 
according tt claim 4a further compristng a Grrnter 
provided at outputterrnmaJ of said detector and lim- 
ning Output signal of said detector. 

47. A portable terminal untt Incorporating therein said 
eiectro-rrttchar^ and aoourfc transducer unit of 
claim fit- 

48. A portable terminal unit frK^poratif* therein said ss 
eiec^o^chanical and acoustic transfer unit of 
claim 31. 



49. A portable termnal unit incorporating therein said 
electro-rnechanical and acoustic transducer unit of 
claim 32. 

sa A portable terminal unit Incorporating therein said 
atectro-mechanical and acoustic transducer una of 
claim 37. 

61. A portable terminal unit incorporafing therein said 
electromechanical and acousiic transducer urrit Of 
claim 42. 

A portable terminal una according to claim 47. 
" wherein said holding member Is fixed to an outside 
case of said portable terrrfnal unH or to a circuit 
board of said portable terminal unit. 
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